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A method and loW pH compositions for removing bulk and/ or 
hardened photoresist material from microelectronic devices 
have been developed. The loW pH compositions include at 
least one mineral acid and at least one oxidizing agent. The 
loW pH compositions effectively remove the hardened pho 
toresist material While not damaging the underlying silicon 
containing layer(s). 
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LOW PH MIXTURES FOR THE REMOVAL OF 
HIGH DENSITY IMPLANTED RESIST 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is ?led according to 35 U.S.C. §1 1 1 (a) and 
claims priority to US. Provisional Patent Application No. 
61/049,600, ?led on May 1, 2008 in the name of Emanuel 
Cooper et al., US. Provisional Patent Application No. 
61/054,798, ?led on May 20, 2008 in the name of Renjie 
Zhou et al., and US. Provisional Patent Application No. 
61/093,954, ?led on Sep. 3, 2008 in the name of Emanuel 
Cooper et al., all of Which are incorporated by reference in 
their respective entirety herein. 

FIELD 

The present invention relates generally to loW pH compo 
sitions useful for the removal of bulk and hardened photore 
sist from the surface of microelectronic devices, and methods 
of using said compositions for removal of same. 

DESCRIPTION OF THE RELATED ART 

As semiconductor devices have become more integrated 
and miniaturized, ion implantation has been extensively 
employed during front-end-of-line (FEOL) processing to 
accurately control impurity distributions in the microelec 
tronic device and to add dopant atoms, e.g., As, B and P, to the 
exposed device layers. The concentration and depth of the 
dopant impurity is controlled by varying the dose of the 
dopant, the acceleration energy, and the ion current. Prior to 
subsequent processing, the ion-implanted photoresist layer 
must be removed. 

Unfortunately, When high doses of ions (e. g., doses greater 
than about 1><10l5 atoms cm_2), at loW (5-10 keV), medium 
(20 keV) and high (40-60 keV) implant energy, are implanted 
in the desired layer, they are also implanted throughout the 
photoresist layer, particularly the exposed surface of the pho 
toresist, Which becomes physically and chemically rigid. The 
rigid ion-implanted photoresist layer, also referred to as the 
carboniZed region or “crust,” has proven dif?cult to remove. 

Various processes have been used in the past for the 
removal of said hardened photoresist including, but not lim 
ited to, Wet chemical etching processes, e.g., in a mixed 
solution of sulphuric acid and hydrogen peroxide (i.e., a 
Piranha solution or SPM), and dry plasma etching processes, 
e.g., in an oxygen plasma ashing process. Presently, the 
removal of the ion-implanted photoresist and other contami 
nants is usually performed by a plasma etch method folloWed 
by a multi-step Wet strip process, typically using aqueous 
based etchant formulations to remove photoresist, post-etch 
residue and other contaminants. Wet strip treatments in the art 
generally involve the use of strong acids, bases, solvents, and 
oxidiZing agents. Disadvantageously, hoWever, Wet strip 
treatments also etch the underlying silicon-containing layers, 
such as the substrate and gate oxide, and/or increase the gate 
oxide thickness. Furthermore, solutions such as Piranha 
require a high local Wafer temperature, are hard to control and 
in the absence of an ashing step are not very effective at the 
highest implant doses. HoWever the combination of an ashing 
step and Piranha Wet strip tends to cause more substrate 
damage than each step by itself. 
As the feature siZes continue to decrease, satisfying the 

aforementioned removal requirements becomes signi?cantly 
more challenging using the aqueous-based etchant formula 
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2 
tions of the prior art. Water has a high surface tension Which 
limits or prevents access to the smaller image nodes With high 
aspect ratios, and therefore, removing the residues in the 
crevices or grooves becomes more di?icult. In addition, aque 
ous-based etchant formulations often leave previously dis 
solved solutes behind in the trenches or vias upon evaporative 
drying, Which inhibit conduction and reduce device yield. 
Furthermore, underlying porous loW-k dielectric materials do 
not have su?icient mechanical strength to Withstand the cap 
illary stress of high surface tension liquids such as Water, 
resulting in pattern collapse of the structures. Aqueous 
etchant formulations can also strongly alter important mate 
rial properties of the loW-k materials, including dielectric 
constant, mechanical strength, moisture uptake, coe?icient of 
thermal expansion, and adhesion to different substrates. 

Therefore, it Would be a signi?cant advance in the art to 
provide a composition that overcomes the de?ciencies of the 
prior art relating to the removal of bulk and hardened photo 
resist from microelectronic devices. The composition can 
effectively remove bulk and hardened photoresist in a one 
step or multi-step process, alternatively With a plasma etch 
step, Without substantially over-etching the underlying sili 
con-containing layer(s). 

SUMMARY 

The present invention relates generally to a loW pH com 
position that includes at least one mineral acid and at least one 
oxidiZing agent, Wherein the composition is useful for the 
removal of bulk and hardened photoresist from the surface of 
microelectronic devices. 

In one aspect, a loW pH composition is described, said 
composition comprising at least one mineral acid and at least 
one oxidiZing agent, Wherein the composition is suitable for 
removing bulk and/or hardened photoresist material from a 
microelectronic device having said photoresist material 
thereon. Preferably, the mineral acid comprises sulfuric acid, 
even more preferably concentrated sulfuric acid. 

In another aspect, a loW pH composition is described, said 
composition comprising at least one mineral acid and at least 
tWo oxidiZing agents, Wherein the composition is suitable for 
removing bulk and/or hardened photoresist material from a 
microelectronic device having said photoresist material 
thereon. Preferably, the mineral acid comprises sulfuric acid, 
even more preferably concentrated sulfuric acid. 

In still another aspect, a loW pH composition is described, 
said composition comprising at least one mineral acid, at least 
one iodine-containing oxidiZing agent and at least one metal 
ion-containing oxidiZing agent, Wherein the composition is 
suitable for removing bulk and/ or hardened photoresist mate 
rial from a microelectronic device having said photoresist 
material thereon. Preferably, the mineral acid comprises sul 
furic acid, even more preferably concentrated sulfuric acid. 

Another aspect relates to a loW pH composition comprising 
at least one mineral acid and at least one iodine-containing 
oxidiZing agent, Wherein the composition is suitable for 
removing bulk and/or hardened photoresist material from a 
microelectronic device having said photoresist material 
thereon. Preferably, the mineral acid comprises sulfuric acid, 
even more preferably concentrated sulfuric acid. 

Still another aspect relates to a loW pH composition com 
prising at least one mineral acid and at least one metal ion 
containing oxidiZing agent, Wherein the composition is suit 
able for removing bulk and/ or hardened photoresist material 
from a microelectronic device having said photoresist mate 
rial thereon. Preferably, the mineral acid comprises sulfuric 
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acid, even more preferably concentrated sulfuric acid. Pref 
erably, the metal ion-containing oxidizing agent comprises a 
permanganate species. 

In yet another aspect, a loW pH composition is described, 
said composition comprising at least one mineral acid, at least 
one persulfate compound and at least one peroxide com 
pound, Wherein the composition is suitable for removing bulk 
and/ or hardened photoresist material from a microelectronic 
device having said photoresist material thereon. Preferably, 
the mineral acid comprises sulfuric acid, even more prefer 
ably concentrated sulfuric acid. 

Other aspects, features and advantages Will be more fully 
apparent from the ensuing disclosure and appended claims. 

DETAILED DESCRIPTION AND PREFERRED 
EMBODIMENTS THEREOF 

The present invention is generally based on the discovery 
of loW pH compositions, speci?cally mineral acid-containing 
compositions, Which are highly ef?cacious for the removal of 
bulk and hardened photoresist from the surface of microelec 
tronic devices. More speci?cally, the loW pH compositions 
are particularly useful for the removal of high dose ion-im 
planted photoresist from the surface of a microelectronic 
device having same thereon. 

For ease of reference, “microelectronic device” corre 
sponds to semiconductor substrates, ?at panel displays, phase 
change memory devices, solar panels and photovoltaics, and 
microelectromechanical systems (MEMS), manufactured for 
use in microelectronic, integrated circuit, or computer chip 
applications. It is to be understood that the term “microelec 
tronic device” is not meant to be limiting in any Way and 
includes any substrate that Will eventually become a micro 
electronic device or microelectronic assembly. 

“Bulk photoresist,” as used herein, corresponds to the non 
carboniZed photoresist on the microelectronic device surface, 
speci?cally adjacent to and beloW the hardened photoresist 
crust. 

“Hardened photoresist” as used herein includes, but is not 
limited to: photoresist that has been plasma etched, e.g., dur 
ing back-end-of-line (BEOL) dual-damascene processing of 
integrated circuits; ion implanted, e.g., during front-end-of 
line (FEOL) processing to implant dopant species in the 
appropriate layers of the semiconductor Wafer; and/or any 
other methodology Whereby a carboniZed or highly cross 
linked crust forms on the exposed surface of the bulk photo 
resist. Doping species include, but are not limited to, boron, 
arsenic, boron di?uoride, indium, antimony, germanium, car 
bon, and/or phosphorous ions. 
As used herein, “underlying silicon-containing” layer cor 

responds to the layer(s) immediately beloW the bulk and/or 
the hardened photoresist including: silicon; silicon oxide, 
including gate oxides (e.g., thermally or chemically groWn 
SiO2) and TEOS; silicon nitride; and loW-k dielectric mate 
rials. As de?ned herein, “loW-k dielectric material” corre 
sponds to any material used as a dielectric material in a 
layered microelectronic device, Wherein the material has a 
dielectric constant less than about 3.5. Preferably, the loW-k 
dielectric materials include loW-polarity materials such as 
silicon-containing organic polymers, silicon-containing 
hybrid organic/inorganic materials, organosilicate glass 
(OSG), TEOS, ?uorinated silicate glass (FSG), silicon diox 
ide, and carbon-doped oxide (CDO) glass. It is to be appre 
ciated that the loW-k dielectric materials may have varying 
densities and varying porosities. 
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4 
“Substantially devoid” is de?ned herein as less than 2 Wt. 

%, preferably less than 1 Wt. %, more preferably less than 0.5 
Wt. %, and most preferably less than 0.1 Wt. %. 
As de?ned herein, “substantially over-etching” corre 

sponds to greater than about 10% removal, more preferably 
greater than about 5% removal, and most preferably greater 
than about 2% removal, of the adjacent underlying silicon 
containing layer(s) folloWing contact, according to the pro 
cess described herein, of the loW pH compositions described 
herein With the microelectronic device having said underly 
ing layer(s). In other Words, most preferably no more than 2% 
of the underlying silicon-containing layer(s) are etched using 
the compositions described herein for the prescribed times at 
the prescribed temperatures. 
As used herein, “about” is intended to correspond to 15% 

of the stated value. 
As used herein, “suitability” for removing bulk and hard 

ened photoresist material from a microelectronic device hav 
ing said photoresist material thereon, corresponds to at least 
partial removal of said photoresist material from the micro 
electronic device. Preferably, at least 90% of the photoresist 
material is removed from the microelectronic device using 
the compositions described herein, more preferably, at least 
95%, and most preferably at least 99% of the photoresist 
material, is removed. 
As used herein, “high dose” ion-implanted photoresist cor 

responds to ion doses greater than about 1><10l5 atoms cm_2. 
It should be appreciated that the compositions described 
herein are also expected to remove less than high dose ion 
implanted photoresist from the surface of a microelectronic 
device having same thereon. 

Compositions may be embodied in a Wide variety of spe 
ci?c formulations, as hereinafter more fully described. 

In all such compositions, Wherein speci?c components of 
the composition are discussed in reference to Weight percent 
age ranges including a Zero loWer limit, it Will be understood 
that such components may be present or absent in various 
speci?c embodiments of the composition, and that in 
instances Where such components are present, they may be 
present at concentrations as loW as 0.01 Weight percent, based 
on the total Weight of the composition in Which such compo 
nents are employed. 

In general, the compositions described herein include at 
least one mineral acid and at least one oxidiZing agent, 
Wherein the composition is useful for the removal of bulk and 
hardened photoresist from the surface of a microelectronic 
device. Preferably, the at least one oxidiZing agent is soluble 
in the at least one mineral acid and is reasonably stable under 
the process conditions. 

In one aspect, a composition comprising, consisting of, or 
consisting essentially of at least one mineral acid and at least 
one oxidiZing agent is described, Wherein the composition is 
useful for the removal of bulk and hardened photoresist from 
a microelectronic device having same thereon. In one 
embodiment of the ?rst aspect, a composition comprising, 
consisting of, or consisting essentially of at least one mineral 
acid and at least one iodine-containing oxidiZing agent is 
described. In another embodiment of the ?rst aspect a com 
position comprising, consisting of, or consisting essentially 
of at least one mineral acid, at least one iodine-containing 
oxidiZing agent, and at least one metal ion-containing oxidiZ 
ing agent is described. In still another embodiment of the ?rst 
aspect a composition comprising, consisting of, or consisting 
essentially of at least one mineral acid and at least one metal 
ion-containing oxidiZing agent is described. In yet another 
embodiment of the ?rst aspect, a composition comprising, 
consisting of, or consisting essentially of at least one mineral 
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acid, at least one iodine-containing oxidizing agent, and 
added Water is described. In still another embodiment of the 
?rst aspect, a composition comprising, consisting of, or con 
sisting essentially of at least one mineral acid, at least one 
iodine-containing oxidizing agent, at least one metal ion 
containing oxidizing agent, and added Water is described. In 
another embodiment of the ?rst aspect, a composition com 
prising, consisting of, or consisting essentially of at least one 
mineral acid, at least one metal ion-containing oxidizing 
agent, and added Water is described. In general, the speci?c 
proportions and amounts of components, in relation to each 
other, may be suitably varied to provide the desired removal 
action of the composition of the ?rst aspect for the bulk and 
hardened photoresist and/ or processing equipment, as readily 
determinable Within the skill of the art Without undue effort. 

Mineral acids useful for the composition described herein 
include, but are not limited to, sulfuric acid, methanesulfonic 
acid, tri?uoromethane sulfonic acid, perchloric acid, tri?uo 
roacetic acid, nitric acid, pyrosulfuric acid (H2S2O7), pyro 
phosphoric acid, polymetaphosphoric acid, phosphoric acid, 
and combinations thereof. Most preferably, the mineral acid 
comprises sulfuric acid, preferably concentrated sulfuric 

20 

6 
metal-ion containing oxidizing agent includes potassium or 
cesium permanganate. 

It is understood that concentrated HZSO4 has a small 
amount (typically 2-5%) of Water, hoWever, preferably not 
much additional Water is added to the compositions of the ?rst 
aspect described herein. The compositions of the ?rst aspect 
preferably include less than about 15 Wt % total Water, more 
preferably less than about 10 Wt %, and most preferably less 
than about 5 Wt %, based on the total Weight of the composi 
tion. In another embodiment, the compositions of the ?rst 
aspect are substantially devoid of added Water. Furthermore, 
the compositions of the ?rst aspect described herein are pref 
erably substantially devoid of abrasive material, hydrogen 
peroxide, hydro?uoric acid, ?uoride ions, cations such as 
imidazolium, pyridinium, pyrrolidinium, ammonium and 
phosphonium, polymeric polishing accelerating agents hav 
ing a hydrocarbon backbone, and combinations thereof. 
The amount of each component in the composition of the 

?rst aspect comprising, consisting of, or consisting essen 
tially of at least one mineral acid and at least one iodine 
containing oxidizing agent, based on the total Weight of the 
composition, is: 

Amount (Wt %) Preffered Amount (Wt %) 

mineral acid(s) 
iodine-containing oxidizing agent(s) 

about 85 to about 99 Wt % 
about 1 to about 15 Wt % 

about 80 to about 99.9 Wt % 
about 0.1 to about 20 Wt % 

acid, Which commercially is 95% to 98% H2804. Although 
less favored, the sulfuric acid may be diluted such that the 
concentration of H2SO4 in the composition is in a range from 
about 50% to about 95%. In another embodiment, the at least 
one mineral acid comprises concentrated sulfuric acid and 
concentrated phosphoric acid. 

Iodine-containing oxidizing agents include, but are not 
limited to, periodic acid, including metaperiodic acid (HIO4) 
and orthoperiodic (or paraperiodic) acid (H5IO6), salts of 
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35 

The mineral acid is the solvent in the compositions of the ?rst 
aspect described herein. This embodiment is substantially 
devoid of added Water. 
The amount of each component in the composition of the 

?rst aspect comprising, consisting of, or consisting essen 
tially of at least one mineral acid, at least one iodine-contain 
ing oxidizing agent, and at least one metal ion-containing 
oxidizing agent, based on the total Weight of the composition, 
is: 

Amount (Wt %) Preferred Amount (Wt %) 

concentrated sul?lric acid(s) 
iodine-containing oxidizing agent(s) 
metal ion-containing oxidizing agent(s) 

about 85 to about 99 Wt % 
about 1 to about 15 Wt % 
50 to about 500 ppm 

about 80 to about 99.9 Wt % 
about 0.1 to about 20 Wt % 
0.01 to about 1000 ppm 

periodic acid such as sodium periodate, potassium periodate, 
ammonium and calcium periodate, iodic acid and salts 
thereof (e.g., such as sodium iodate, potassium iodate and 
calcium iodate), iodine, and combinations thereof. Prefer 
ably, the iodine-containing oxidizing agent includes periodic 
acid, most preferably in the form of orthoperiodic (or parap 
eriodic) acid (H5IO6). In another embodiment, the periodic 
acid is generated in situ by oxidation of iodine or an iodine 
compound (e.g., using electrochemical means or a strong 
oxidant such as ozone or persulfate). 

Metal ion-containing oxidizing agents contemplated 
include, but are not limited to, potassium permanganate, 
cesium permanganate, sodium permanganate, ammonium 
permanganate, tertamethylammonium permanganate, tet 
rabutylammonium permanganate, permanganic acid and 
combinations thereof. Alternatively, or in addition to the per 
manganates, chromates, dichromates, and chromium (VI) 
oxide may be used but are not preferred. Preferably, the 
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Again, the mineral acid is the solvent in the compositions of 
the ?rst aspect described herein. This embodiment is substan 
tially devoid of added Water. 

The amount of each component in the composition of the 
?rst aspect comprising, consisting of, or consisting essen 
tially of at least one mineral acid and at least one metal 
ion-containing oxidizing agent, based on the total Weight of 
the composition, is: 

Amount (Wt %) 

about 95 to about 99.99 Wt % 
about 0.01 to about 5 Wt % 

concentrated sulfuric acid(s) 
metal ion-containing oxidizing agent(s) 

Again, the mineral acid is the solvent in the compositions of 
the ?rst aspect described herein. This embodiment is substan 
tially devoid of added Water. 
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The amount of each component in the composition of the 
?rst aspect comprising, consisting of, or consisting essen 
tially of at least one mineral acid, at least one iodine-contain 
ing oxidizing agent, and added Water, based on the total 

8 
duced With a component added in the form of aqueous solu 
tion (e.g. periodic acid), fuming sulfuric acid may be added to 
react With absorbed Water according to the reaction: 

Weight of the composition, is: H2S2O7+H2O—>2H2SO4 

Amount (Wt %) Preffered Amount (Wt %) 

mineral acid(s) about 65 to about 99.89 Wt % about 80 to about 98.99 Wt % 
iodine-containing oxidizing agent(s) about 0.1 to about 20 Wt % about 1 to about 15 Wt % 
added Water about 0.01 to about 15 Wt % about 0.01 to about 5 Wt % 

The amount of each component in the composition of the 
?rst aspect comprising, consisting of, or consisting essen 
tially of at least one mineral acid, at least one iodine-contain 
ing oxidizing agent, at least one metal ion-containing oxidiz 
ing agent, and added Water, based on the total Weight of the 
composition, is: 

15 hoWever, this addition is preferably performed to the hydrated 
solution just prior to or during use, because the small amount 
of Water present in the concentrated sulfuric acid is necessary 
for the initial dissolution of periodic acid. 

In another embodiment, the aforementioned compositions 
of the ?rst aspect further include bulk and hardened photore 

Amount (Wt %) Preferred Amount (Wt %) 

about 65 to about 99.98 Wt % 
about 0.1 to about 20 Wt % 
0.01 to about 1000 ppm 
about 0.01 to about 15 Wt % 

concentrated sulfuric acid(s) 
iodine-containing oxidizing agent(s) 
metal ion-containing oxidizing agent(s) 
added Water 

about 80 to about 98.99 Wt % 
about 1 to about 15 Wt % 
50 to about 500 ppm 
about 0.01 to about 5 Wt % 

The amount of each component in the composition of the 
?rst aspect comprising, consisting of, or consisting essen 
tially of at least one mineral acid, at least one metal ion 
containing oxidizing agent, and added Water, based on the 
total Weight of the composition, is: 

Amount (Wt %) 

about 90 to about 99.98 Wt % 
0.01 to about 5 Wt % 
about 0.01 to about 5 Wt % 

concentrated sulfuric acid(s) 
metal ion-containing oxidizing agent(s) 
added Water 

In a particularly preferred embodiment, the composition of 
the ?rst aspect comprises, consists of, or consists essentially 
of concentrated HZSO4 and periodic acid. In another particu 
larly preferred embodiment, the composition of the ?rst 
aspect comprises, consists of, or consists essentially of con 
centrated H2SO4, periodic acid and potassium permanganate. 
In yet another particularly preferred embodiment, the com 
position of the ?rst aspect comprises, consists of, or consists 
essentially of concentrated H2SO4, periodic acid and cesium 
permanganate. More preferably, the amount of periodic acid 
in each preferred embodiment is in a range from about 1 Wt % 
to about 15 Wt %, based on the total Weight of the composi 
tion. 

In still another particularly preferred embodiment, the 
composition of the ?rst aspect comprises, consists of, or 
consists essentially of concentrated H2SO4 and potassium 
permanganate. 

The compositions of the ?rst aspect described herein have 
pH less than about 2, more preferably less than about 1. It is 
to be appreciated that the pH of the composition of the ?rst 
aspect described herein may be less than zero, depending on 
the components used and the amount thereof. 

To solve the problem of hydration of the sulfuric acid 
based mixture in ambient air, or to accommodate Water intro 
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sist material, Wherein the bulk and hardened photoresist 
material may comprise boron, arsenic, boron di?uoride, 
indium, antimony, germanium, carbon, and/or phosphorous 
ions. For example, the composition of the ?rst aspect may 
include at least one mineral acid, at least one iodine-contain 
ing oxidizing agent, and bulk and hardened photoresist mate 
rial. In another embodiment, the composition of the ?rst 
aspect may include at least one mineral acid, at least one 
iodine-containing oxidizing agent, at least one metal ion 
containing oxidizing agent, and bulk and hardened photore 
sist material. In yet another embodiment, the composition of 
the ?rst aspect may include at least one mineral acid, at least 
one metal ion-containing oxidizing agent, and bulk and hard 
ened photoresist material. In yet another embodiment, the 
composition of the ?rst aspect may include at least one min 
eral acid, at least one iodine-containing oxidizing agent, 
added Water, and bulk and hardened photoresist material. In 
still another embodiment, the composition of the ?rst aspect 
may include at least one mineral acid, at least one iodine 
containing oxidizing agent, at least one metal ion-containing 
oxidizing agent, added Water, and bulk and hardened photo 
resist material. In another embodiment, the composition of 
the ?rst aspect may include at least one mineral acid, at least 
one metal ion-containing oxidizing agent, added Water, and 
bulk and hardened photoresist material. The photoresist 
material and implantation ions may be dissolved and/ or sus 
pended in the loW pH composition. 
The compositions are compatible With underlying silicon 

containing materials on the microelectronic device. 
The compositions of the ?rst aspect may be readily formu 

lated as single-package formulations or multi-part formula 
tions that are mixed at or before the point of use, e.g., the 
individual parts of the multi-part formulation may be mixed at 
the tool, in a storage tank upstream of the tool, or in a shipping 
package that delivers the mixed formulation directly to the 
tool. For example, a single shipping package may include at 
least tWo separate containers or bladders that may be mixed 
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together by a user at the fab and the mixed formulation may be 
delivered directly to the tool. One of the at least tWo contain 
ers or bladders may include the at least one iodine-containing 
oxidizing agent, Which may be a solid, While another of the at 
least tWo containers may include at least one mineral acid and 
optionally at least one metal ion-containing oxidiZing agent. 
In one embodiment, one of the at least tWo containers or 
bladders includes the at least one iodine-containing oxidiZing 
agent, While a second of the at least tWo containers or bladders 
includes at least one mineral acid. In another embodiment, 
one of the at least tWo containers or bladders includes the at 
least one iodine-containing oxidizing agent, While a second of 
the at least tWo containers or bladders includes a mixture of at 
least one mineral acid and at least one metal ion-containing 
oxidiZing agent. In yet another embodiment, one of the at 
least tWo containers or bladders includes the at least one 
iodine-containing oxidiZing agent, While a second of the at 
least tWo containers or bladders includes at least one metal 
ion-containing oxidiZing agent. In still another embodiment, 
one container or bladder includes the at least one iodine 
containing oxidiZing agent, a second container or bladder 
includes at least one mineral acid, and a third container or 
bladder includes at least one metal ion-containing oxidiZing 
agent. In each case, if Water is to be added, it can be added to 
one and/ or both containers prior to leaving the manufacturer, 
may be added at the fab prior to use, or combinations of both, 
as readily determined by one skilled in the art. The shipping 
package and the internal containers or bladders of the pack 
age must be suitable for storing and shipping said composi 
tion components, for example, packaging provided by 
Advanced Technology Materials, Inc. (Danbury, Conn., 
USA). 

Alternatively, a concentrate of the composition of the ?rst 
aspect may be formulated and packaged in one container for 
shipping and for mixture With on-site mineral acid(s) prior to 
and/or during use, Wherein said method of use is described 
herein. For example, the concentrate may comprise at least 
one iodine-containing oxidiZing agent, Water, and optionally 
at least one mineral acid, Wherein the at least one iodine 
containing oxidiZing agent may have a concentration in a 
range from about 30 Wt % to about 85 Wt %, preferably about 
51 Wt % to about 85 Wt %, and most preferably about 60 Wt % 
to about 80 Wt %, and Wherein the amount of Water is in a 
range from about 0.01 Wt % to about 50 Wt %, preferably 
about 1 Wt % to about 30 Wt %, and most preferably from 
about 10 Wt % to about 25 Wt %, based on the total Weight of 
the concentrate. The amount of mineral acid in said concen 
trate, When present, may be in a range from about 0.01 Wt % 
to about 45 Wt %, based on the total Weight of the concentrate. 
In a preferred embodiment, the concentrate for combination 
With on-site mineral acid(s) comprises, consists of, or con 
sists essentially of at least one iodine-containing oxidiZing 
agent, Water, and optionally at least one mineral acid. In 
another embodiment, the concentrate for combination With 
on-site mineral acid(s) comprises, consists of, or consists 
essentially of at least one iodine-containing oxidiZing agent, 
Water, and at least one mineral acid. The ratio of concentrate 
to on-site mineral acid(s) is readily determined by one skilled 
in the art knoWing hoW much iodine-containing oxidiZing 
agent is desired in the loW pH composition and hoW much 
mineral acid is present in the concentrate. 

In the second aspect, the compositions described herein 
include at least one mineral acid and at least tWo oxidiZing 
agents, Wherein the composition is useful for the removal of 
bulk and hardened photoresist from the surface of a micro 
electronic device. In one embodiment, the compositions 
described herein include at least one persulfate compound 
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10 
and a mineral acid/peroxide mixture, Wherein the composi 
tion is useful for the removal of bulk and hardened photoresist 
from the surface of a microelectronic device. Preferably, the 
at least one persulfate compound is soluble in the mineral 
acid/peroxide mixture and is reasonably stable under the pro 
cess conditions. In another embodiment, the at least one per 
sulfate is dissolved in at least one mineral acid and the per 
sulfate/mineral acid mixture is dissolved in at least one 
peroxide compound. 

Preferably, the composition of the second aspect com 
prises, consists of, or consists essentially of at least one min 
eral acid and at least tWo oxidiZing agents, Wherein the com 
position is useful for the removal of bulk and hardened 
photoresist from the surface of a microelectronic device. 
Alternatively, the composition of the second aspect com 
prises, consists of, or consists essentially of at least one per 
sulfate compound, at least one mineral acid, and at least one 
peroxide compound, Wherein the composition is useful for 
the removal of bulk and hardened photoresist from a micro 
electronic device having same thereon. In general, the spe 
ci?c proportions and amounts of components, in relation to 
each other, may be suitably varied to provide the desired 
removal action of the composition for the bulk and hardened 
photoresist and/or processing equipment, as readily deter 
minable Within the skill of the art Without undue effort. 

Persulfate compounds useful for the composition of the 
second aspect include, but are not limited to, peroxymono 
sulfate (SO52_) and peroxydisulfate (S2O82_)-containing 
compounds such as ammonium peroxydisulfate, sodium per 
oxydisulfate, potassium peroxydisulfate, cesium peroxydis 
ulfate, peroxydisulfuric acid, tetraalkylammonium peroxy 
disulfate Where the alkyl groups may be the same as or 
different from one another and may be a Cl-C6 alkyl (e.g., 
methyl, ethyl, propyl, butyl, pentyl or hexyl), an aryl (e.g., 
phenyl, benZyl, etc.), combinations thereof, as Well as pyri 
dinium and imidaZolium peroxydisulfates. For example, tet 
raalkylammonium peroxydisulfates contemplated include, 
but are not limited to, tetramethyl ammonium peroxydisul 
fate, tetraethylammonium peroxydisulfate, and benZyltrim 
ethylammonium peroxydisulfate. Most preferably, the per 
sulfate compound(s) comprises ammonium peroxydisulfate, 
hereinafter referred to as “ammonium persulfate.” 
The mineral acids useful for the composition of the second 

aspect correspond to those described herein for the composi 
tion of the ?rst aspect. In addition, the acid salt ammonium 
hydrogen sulfate may be a component of the composition of 
the second aspect. 

Peroxide compounds useful for the composition of the 
second aspect include, but are not limited to, hydrogen per 
oxide, hydrogen peroxide-urea adduct, perborates such as 
ammonium perborate, percarbonates such as ammonium per 
carbonate, oZone, or combinations thereof. Most preferably, 
the peroxide compound comprises hydrogen peroxide having 
a concentration of about 20 Wt % to about 50 Wt %, based on 
the total Weight of the hydrogen peroxide solution. 
SPM compositions in the form of a sulfuric acid/aqueous 

hydrogen peroxide mixture may be used as the mineral acid 
and peroxide components for the composition of the second 
aspect. The SPM composition has a vol/vol ratio of sulfuric 
acid component to hydrogen peroxide component in a range 
from about 2:1 to about 10:1, more preferably about 2:1 to 
about 5:1, and most preferably about 3:1 to about 5:1. For 
example, in one embodiment, the SPM may include 4 parts 
concentrated sulfuric acid by volume and 1 part hydrogen 
peroxide (e.g., about 20 Wt % to about 50 Wt % hydrogen 
peroxide) by volume. 
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The compositions of the second aspect are substantially 
devoid of added Water and organic solvents. It is understood 
that concentrated H2 S04 has a small amount of Water and that 
commercially used hydrogen peroxide (e. g., about 20 Wt % to 
about 50 Wt %) contains Water, hoWever, preferably not much 
additional Water is added to the composition of the second 
aspect described herein. Accordingly, the compositions of the 
second aspect include less than about 5 Wt % added Water, 
more preferably less than 3 Wt % added Water, and most 
preferably less than 2 Wt % added Water, based on the total 
Weight of the composition. As de?ned herein, “added Water” 
corresponds to Water that the manufacturer or the user of the 
composition of the second aspect intentionally adds to the 
components of said composition for dilution or other pur 
poses. Water that is present in the commercially purchased 
components (e. g., concentrated H2SO4 and/ or hydrogen per 
oxide) is not considered “added Water.” Furthermore, the 
compositions of the second aspect are preferably substan 
tially devoid of abrasive material, Wetting agents (e. g., acetic 
acid, citric acid or another compound containing a carboxylic 
acid group), tungsten, copper ions or copper-containing resi 
due, phosphate salts, and potassium sulfate. In one embodi 
ment, the compositions of the second aspect include less than 
about 1 Wt. % ?uoride ions (e.g., tetramethylammonium ?uo 
ride, etc.), preferably less than about 0.5 Wt. % ?uoride ions, 
more preferably less than about 0.1 Wt. % ?uoride ions and in 
some embodiments, 0 Wt. % ?uoride ions, based on the total 
Weight of the composition. Notably, the composition of the 
second aspect cannot include components that Will result in 
the formation of a resinous material. 

The amount of each component in the composition of the 
second aspect comprising, consisting of, or consisting essen 
tially of at least one persulfate compound and sulfuric acid/ 
peroxide mixture, based on the total Weight of the composi 
tion, is: 

Amount (Wt %) Prefered Amount (Wt %) 

persulfate about 0.01 to about 20 Wt % about 5 to about 15 Wt % 
compound(s) 
SPM about 80 to about 99.99 Wt % about 85 to about 95 Wt % 

The SPM composition preferably has a vol/vol ratio of sul 
furic acid component to hydrogen peroxide component in a 
range from about 2: 1 to about 10:1, more preferably about 2: 1 
to about 5:1, and most preferably about 3:1 to about 5:1. 

In a particularly preferred embodiment, the composition of 
the second aspect comprises, consists of, or consists essen 
tially of SPM having a vol/vol ratio of sulfuric acid compo 
nent to hydrogen peroxide component in a range from about 
3:1 to about 5:1 and about 5 to about 15 Wt % ammonium 
persulfate. 

In another embodiment of the composition of the second 
aspect, the at least one persulfate is combined With the at least 
one mineral acid to form a persulfate/mineral acid mixture 
and then said mixture is added to at least one peroxide com 
pound such that the aforementioned percentages by Weight 
and volume/volume ratios are achieved, as readily deter 
mined by one skilled in the art. 

The compositions of the second aspect have pH less than 
about 2, more preferably less than about 1. It is to be appre 
ciated that the pH of the composition of the second aspect 
may be less than Zero, depending on the components used and 
the amount thereof. 
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In another embodiment, the compositions of the second 

aspect further include bulk and hardened photoresist material, 
Wherein the bulk and hardened photoresist material may com 
prise boron, arsenic, boron di?uoride, indium, antimony, ger 
manium, carbon and/or phosphorous ions. For example, the 
composition of the second aspect may include at least one 
mineral acid and at least tWo oxidiZing agents, and bulk and 
hardened photoresist material. In another embodiment, the 
composition of the second aspect may include at least one 
persulfate compound and a sulfuric acid/peroxide mixture, 
and bulk and hardened photoresist material. In yet another 
embodiment, the composition of the second aspect may 
include at least one persulfate compound, at least one mineral 
acid, at least one peroxide compound, and bulk and hardened 
photoresist material. The photoresist material and implanta 
tion ions may be dissolved and/or suspended in the loW pH 
composition of the second aspect. 
The compositions of the second aspect are compatible With 

underlying silicon-containing materials on the microelec 
tronic device. 
The compositions of the second aspect may be readily 

formulated as single-package formulations or multi-part for 
mulations that are mixed at and/or before the point of use, 
e.g., the individual parts of the multi-part formulation may be 
mixed at the tool, in a storage tank upstream of the tool, or in 
a shipping package that delivers the mixed formulation 
directly to the tool. For example, a single shipping package 
may include at least tWo separate containers or bladders that 
may be mixed together by a user at the fab and the mixed 
formulation may be delivered directly to the tool. One of the 
at least tWo containers orbladders may include the at least one 
persulfate compound, Which may be and preferably is a solid, 
While another of the at least tWo containers may include the 
sulfuric acid/peroxide mixture. In another embodiment, a 
single shipping package may include at least three separate 
containers or bladders that may be mixed together by a user at 
the fab and the mixed formulation may be delivered directly 
to the tool. One of the at least three containers orbladders may 
include the at least one persulfate compound, Which may be 
and preferably is a solid, a second of the at least three con 
tainers may include the mineral acid component, e. g., sulfuric 
acid, While the third of the at least three containers may 
include the peroxide component, e.g., hydrogen peroxide. 
The shipping package and the internal containers or bladders 
of the package must be suitable for storing and shipping said 
composition components, for example, packaging provided 
by Advanced Technology Materials, Inc. (Danbury, Conn., 
USA). 

Alternatively, a concentrate of the composition of the sec 
ond aspect may be formulated and packaged in one container 
for shipping and for mixture With on-site components (e.g., 
SPM or mineral acid plus peroxide compound) prior to and/or 
during use, Wherein said method of use is described herein. 
For example, the concentrate may comprise at least one per 
sulfate compound and Water, Wherein the at least one persul 
fate compound may have a concentration less than about 50 
Wt, based on the total Weight of the concentrate. The ratio of 
concentrate to on-site component(s) is readily determined by 
one skilled in the art knoWing hoW much of each component 
is desired in the loW pH composition and hoW much persulfate 
is present in the concentrate. 

Another aspect relates to a kit including, in one or more 
containers, one or more components adapted to form the 
compositions of either aspect, as described herein. The con 
tainers of the kit must be suitable for storing and shipping said 
compositions, for example, NOWPak® containers (Ad 
vanced Technology Materials, Inc., Danbury, Conn., USA). 
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The one or more containers Which contain the components of 
the compositions described herein preferably include means 
for bringing the components in said one or more containers in 
?uid communication for blending and dispense. For example, 
referring to the NOWPak® containers, gas pressure may be 
applied to the outside of a liner in said one or more containers 
to cause at least a portion of the contents of the liner to be 
discharged and hence enable ?uid communication for blend 
ing and dispense. Alternatively, gas pressure may be applied 
to the head space of a conventional pressuriZable container or 
a pump may be used to enable ?uid communication. In addi 
tion, the system preferably includes a dispensing port for 
dispensing the blended removal composition to a process 
tool. 

Substantially chemically inert, impurity-free, ?exible and 
resilient polymeric ?lm materials, such as PTFE or PTFA, are 
preferably used to fabricate the liners for said one or more 
containers. Desirable liner materials are processed Without 
requiring co-extrusion or barrier layers, and Without any pig 
ments, UV inhibitors, or processing agents that may 
adversely affect the purity requirements for components to be 
disposed in the liner. A listing of desirable liner materials 
include ?lms comprising virgin polytetra?uoroethylene 
(PTFE), PFA, Halar®, and so on. Preferred thicknesses of 
such liner materials are in a range from about 5 mils (0.005 
inch) to about 30 mils (0.030 inch), as for example a thickness 
of 20 mils (0.020 inch). 

Regarding the containers for the kits, the disclosures of the 
folloWing patents and patent applications are hereby incorpo 
rated herein by reference in their respective entireties: US. 
Pat. No. 7,188,644 entitled “APPARATUS AND METHOD 
FOR MINIMIZING THE GENERATION OF PARTICLES 
IN ULTRAPURE LIQUIDS;” US. Pat. No. 6,698,619 
entitled “RETURNABLE AND REUSABLE, BAG-IN 
DRUM FLUID STORAGE AND DISPENSING CON 
TAINER SYSTEM,” International Application No. PCT/ 
US08/ 63276 entitled “SYSTEMS AND METHODS FOR 
MATERIAL BLENDING AND DISTRIBUTION” ?led on 
May 9, 2008 in the name of John E. Q. Hughes; and Intema 
tional Application No. PCT/U S08/ 85826 entitled “SYS 
TEMS AND METHODS FOR DELIVERY OF FLUID 
CONTAINING PROCESS MATERIAL COMBINATIONS” 
?led on Dec. 8, 2008 in the name of John E. Q. Hughes et al. 
As applied to microelectronic manufacturing operations, 

the compositions of either aspect are usefully employed to 
clean bulk and hardened photoresist from the surface of the 
microelectronic device. The compositions do not damage 
loW-k dielectric materials on the device surface. Preferably 
the compositions described herein remove at least 85% of the 
bulk and hardened photoresist present on the device prior to 
photoresist removal, more preferably at least 90%, even more 
preferably at least 95%, and most preferably at least 99%. 

In removal application, the loW pH compositions of either 
aspect can be applied in any suitable manner to the micro 
electronic device having photoresist material thereon, e. g., by 
spraying the loW pH composition on the surface of the device, 
by dipping (in a volume of the loW pH composition) of the 
device including the photoresist material, by contacting the 
device With another material, e.g., a pad, or ?brous sorbent 
applicator element, that is saturated With the loW pH compo 
sition, by contacting the device including the photoresist 
material With a circulating loW pH composition, or by any 
other suitable means, manner or technique, by Which the loW 
pH composition is brought into contact With the photoresist 
material on the microelectronic device. The application may 
be in a batch or single Wafer apparatus, for dynamic or static 
cleaning. 
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In use of the compositions of either aspect for removing 

bulk and hardened photoresist from microelectronic devices 
having same thereon, the compositions typically are con 
tacted With the device for a time of from about 10 sec to about 
60 minutes, at temperature in a range of from about 20° C. to 
about 200° C., preferably about 50° C. to about 160° C. Such 
contacting times and temperatures are illustrative, and any 
other suitable time and temperature conditions may be 
employed that are e?icacious to at least partially clean the 
bulk and hardened photoresist from the device. “At least 
partially clean” and “substantial removal” both correspond to 
at removal of at least 85% of the and hardened photoresist 
present on the device prior to photoresist removal, more pref 
erably at least 90%, even more preferably at least 95%, and 
most preferred at least 99%. 

FolloWing the achievement of the desired removal action, 
the composition may be readily removed from the device to 
Which it has previously been applied, as may be desired and 
e?icacious in a given end use application of the compositions 
described herein. Preferably, the rinse solution for the com 
position of the ?rst aspect includes cold or hot (e.g., 20-80° 
C.) deioniZed Water. Preferably, the rinse solution for the 
composition of the second aspect includes cold or hot (e.g., 
20-80° C.) deioniZed Water. Alternatively, the rinse solution 
for the composition of either aspect may include a Water rinse 
folloWed by a SC-1 (H2O2iNH4OHiH2O) rinse, Whereby 
the device may be rinsed at or slightly above room tempera 
ture (e.g., 20-50° C.), folloWed by a rinse With DI Water at or 
about room temperature. It is to be appreciated that the device 
may be rinsed With multiple solutions having ever decreasing 
concentrations of SC-1 prior to a ?nal rinse With DI Water. 
Thereafter, the device may be dried using nitrogen or a spin 
dry cycle. 

Yet another aspect relates to the improved microelectronic 
devices made according to the methods described herein and 
to products containing such microelectronic devices. 

Another aspect relates to a recycled composition, Wherein 
the composition may be recycled until loading With compo 
nents of the photoresist reaches the maximum amount the 
composition may accommodate, as readily determined by 
one skilled in the art. It should be appreciated by one skilled 
in the art that a ?ltration and/or pumping system may be 
needed for the recycling process. 
A still further aspect relates to methods of manufacturing 

an article comprising a microelectronic device, said method 
comprising contacting the microelectronic device With a 
composition of either aspect for su?icient time to clean bulk 
and hardened photoresist from the microelectronic device 
having said photoresist thereon, and incorporating said 
microelectronic device into said article, using a composition 
described herein. 

Yet another aspect relates to a process to clean bulk and 
hardened photoresist from the surface of the microelectronic 
device using a single Wafer tool (SWT) and the compositions 
of either aspect. Currently, solutions for the stripping of 
implanted resist are mostly used in batch mode and are based 
on strong oxidants, for example a sulfuric acid-hydrogen 
peroxide mixture (SPM). These mixtures have a limited bath 
life at the temperatures at Which they are effective. With the 
present preference of SWTs over batch processing, there is a 
need to shorten the dissolution time of the photoresist from 
the typical 10-30 minutes to around 1 minutes Disadvanta 
geously, this requires higher processing temperatures, for 
example about 40-200° C. higher than batch process tempera 
tures, Which speeds up the decomposition of the oxidiZing 
agent(s) in the loW pH compositions. 
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As such, higher temperature processing using SWTs is 
described herein. Preferably, the loW pH composition for the 
SWTs is a single-use composition. Embodiments using the 
composition of the ?rst aspect include: 
1. Mixing a stream of relatively cool concentrated solution of 
the oxidant With a hot diluent, e.g. hot sulfuric acid. Option 
ally, one of the solutions may contain more Water than the 
other, to generate some heat of mixing. The mixing may be 
done either in a small secondary reservoir that is just large 
enough for the solution needed for one Wafer, or by merging 
tWo tubes carrying the tWo different solutions together in a 
“Y” connection; 
2. Heating the oxidiZing solution from outside the tubing 
While en route to the device Wafer; and/or 
3. Positioning the device Wafer on a metal chuck With high 
thermal mass and controllable temperature, and relying on the 
heat conductivity of the Wafer to quickly heat up the mineral 
acid containing composition by a feW tens of degrees. 

Embodiments using the composition of the second aspect 
include: 
1. Mixing a stream of relatively cool peroxide component 
With hot sulfuric acid component and at least one persulfate 
compound to yield the composition. Alternatively, mixing a 
stream of heated SPM With at least one persulfate compound 
to yield the composition. In yet another alternative, mixing a 
stream of sulfuric acid component and at least one persulfate 
compound to form a sulfuric acid/persulfate mixture and then 
mixing a stream of said mixture With a stream of relatively 
cool peroxide component to yield the composition. Option 
ally, one of the solutions may contain more Water than the 
other, to generate some heat of mixing. The mixing may be 
done either in a small secondary reservoir that is just large 
enough for the solution needed for one Wafer, or by merging 
tWo tubes carrying the tWo different solutions together in a 
“Y” connection; 
2. Heating the persulfate-containing composition from out 
side the tubing While en route to the device Wafer; and/ or 
3. Positioning the device Wafer on a metal chuck With high 
thermal mass and controllable temperature, and relying on the 
heat conductivity of the Wafer to quickly heat up the persul 
fate-containing composition by a feW tens of degrees. 

The features and advantages of the invention are more fully 
shoWn by the illustrative examples discussed beloW. 

Example 1 

It has been found that mixtures of sulfuric acid and periodic 
acid, at concentrations of 5- 1 5% periodic acid, are effective at 
removing high-density implanted resist at temperatures 
betWeen 60 and 95° C. and reaction times of 30-60 minutes, 
depending on type of implant, dose and energy. For example, 
solutions of 4.75 Wt % and 9.1 Wt. % periodic acid in concen 
trated sulfuric acid cleaned a test pattern of implanted resist 
(As, 2><10l5 atoms cm_2, 20 keV) in 30 minutes at 60° C. The 
process tolerates a small amount of water, eg 2 g PIA, 1 g 
Water, and 19 g concentrated (~96%) sulfuric acid, and e?i 
caciously removed the implanted resist. 
At 80° C., solutions having both 5% and 10% periodic acid 

in concentrated sulfuric acid completely cleaned a test Wafer 
implanted at 5><10l5 atoms cm-2 As at 20 keV and 1><10l5 
atoms cm“2 As at 40 keV in 30 minutes. These solutions could 
partially clean a Wafer implanted With 1><10l6 atoms cm-2 As 
at 20 keV but not completely. 

Example 2 

The stability of the solutions described herein Was tested. A 
large batch of a 10% periodic acid in concentrated sulfuric 
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16 
acid solution Was prepared, separated into 22 different con 
tainers and heated to 80° C. These solutions Were tested at 
various intervals for cleaning ability using 2><10l5 atoms 
cm“2 As 20 keV Wafers. At 92 h of heating the solution still 
looked and cleaned the same as the initial solution. At 140 h 
of heating a yelloW precipitate had formed and the testing Was 
stopped. 
A separate experiment Was performed to examine the shelf 

life of the solution. As of day 68 the solution Was still cleaning 
a 2><10l5 atoms cm“2 As 20 keV Wafer at 60° C. completely 
after 30 mins. 

Example 3 

A series of experiments Were performed using a batch of 
Wafers developed using a proprietary mask Wherein said 
Wafers included UV 110 G positive 248 nm resist and com 
bined ion-implants. Resist lines typical of 90 nm node pat 
terns and slightly beyond, doWn to 225 nm Width and 400 nm 
pitch, could be removed by treatment With a 5% periodic acid 
in concentrated sulfuric mix, at 90° C. after 30 min. In the case 
ofheavier implants (e.g., 4><10l5 atoms cm-2 B132+ and 35x 
1015 atoms cm“2 As), signi?cant resist residues Were rede 
posited on the Wafer. To minimize said redeposition, a better 
mode of operation, including vertical positioning of the 
Wafer, and better and more vigorous rinsing including a dilute 
SC-l rinse, may be employed. 

Example 4 

The addition of potassium permanganate to the 5% peri 
odic acid-concentrated sulfuric acid mixture in order to speed 
up the reaction Was examined. The concentrations of KMnO4 
added Were 49, 220, and 1000 ppm, and the test samples 
implanted With 1><10l6 atoms cm“2 As at 20 keV. While com 
plete cleaning Was not achieved, the 220 ppm KMnO4 solu 
tion shoWed a distinct advantage over the others and over a 
solution containing no added permanganate. 

Example 5 

To determine Whether periodic acid and KMnO4 pose a 
Wafer contamination risk, blanket silicon Wafers Were treated 
for 30 min at 90° C. in (a) a 5% periodic acid-concentrated 
sulfuric mix or (b) the formulation in (a) plus 220 ppm added 
KMnO4. The Wafers Were then rinsed in Water, or in Water+ 
dilute SC-1+Water, and examined by Total Re?ection X-ray 
Fluorescence Spectroscopy (TXRF). The only contaminant 
found on the silicon Wafer Was sulfur (from sulfuric acid), 
Which can be removed by SC-l treatment. Iodine, potassium 
and manganese do not seem to pose a problem under the given 
conditions. 

Since permanganate does not appear to contaminate the 
Wafer signi?cantly, a solution of 0.2% KMnO4 in concen 
trated sulfuric acid Was tested on the same proprietary Wafers 
mentioned in Example 3. After 30 min at 90° C., complete 
cleaning of the relevant 90 nm node lines Was observed for 15 
keV, 3.5><10l5 atoms cm“2 As implant, but not for 40 keV, 
1><10l6 atoms cm-2 As. 

Example 6 

A series of experiments Were performed using a batch of 
Wafers developed using a proprietary mask Wherein said 
Wafers included positive 248 nm resist and combined ion 
implants (3><10l4 atoms cm-2 Ge at 15 KeV and 3.5><10l5 
atoms cm“2 As at 15 KeV). The proprietary Wafers Were 
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immersed in Formulations A-C, as described below, at 60° C. 
for 30 minutes, rinsed, and optical micrographs obtained. 
Formulation A: 1 Wt % ammonium persulfate, 99 Wt % SPM 
having a 4:1 v/v ratio 
Formulation B: 5 Wt % ammonium persulfate, 95 Wt % SPM 
having a 4:1 v/v ratio 
Formulation C: 15 Wt % ammonium persulfate, 85 Wt % SPM 
having a 4:1 v/v ratio 

It Was determined that formulations B and C in particular 
substantially removed the resist from the surface of the Wafer 
With minimal redeposition of resist particles. 

Although the invention has been variously disclosed herein 
With reference to illustrative embodiments and features, it 
Will be appreciated that the embodiments and features 
described hereinabove are not intended to limit the invention, 
and that other variations, modi?cations and other embodi 
ments Will suggest themselves to those of ordinary skill in the 
art, based on the disclosure herein. The invention therefore is 
to be broadly construed, as encompassing all such variations, 
modi?cations and alternative embodiments Within the spirit 
and scope of the claims hereafter set forth. 
What is claimed is: 
1. A method of removing bulk and/or hardened photoresist 

material from a microelectronic device having said photore 
sist material thereon, said method comprising contacting the 
microelectronic device With a loW pH composition for su?i 
cient time and under su?icient contacting conditions to at 
least partially remove said photoresist material from the 
microelectronic device, Wherein the loW pH composition 
comprises at least one persulfate compound and at least one 
peroxide compound. 

2. A method of removing bulk and/or hardened photoresist 
material from a microelectronic device having said photore 
sist material thereon, said method comprising contacting the 
microelectronic device With a loW pH composition for su?i 
cient time and under su?icient contacting conditions to at 
least partially remove said photoresist material from the 
microelectronic device, Wherein the loW pH composition 
comprises at least one mineral acid and at least one oxidiZing 
agent, Wherein the oxidiZing agent comprises at least one 
iodine-containing oxidizing agent, at least one metal ion 
containing oxidiZing agent comprising a permanganate ion, 
or a combination of at least one iodine-containing oxidiZing 
agent and at least one metal ion-containing oxidizing agent 
comprising a permanganate ion. 

3. The method of claim 2, Wherein the loW pH composition 
comprises sulfuric acid and periodic acid. 

4. The method of claim 2, Wherein the loW pH composition 
comprises sulfuric acid and potassium permanganate. 

5. The method of claim 4, Wherein the composition further 
comprises periodic acid. 

6. The method of claim 2, Wherein the at least one iodine 
containing oxidiZing agent comprises a species selected from 
the group consisting of periodic acid, salts of periodic acid, 
iodic acid and salts thereof, iodine, and combinations thereof. 

7. The method of claim 2, Wherein the at least one iodine 
containing oxidiZing agent comprises a species selected from 
the group consisting of metaperiodic acid, orthoperiodic acid, 
sodium periodate, potassium periodate, ammonium perio 
date, calcium periodate, sodium iodate, potassium iodate, 
calcium iodate, iodine, and combinations thereof. 

8. The method of claim 2, Wherein the at least one metal 
ion-containing oxidiZing agent comprises a species selected 
from the group consisting of potassium permanganate, 
cesium permanganate, sodium permanganate, ammonium 
permanganate, tetrabutylammonium permanganate and com 
binations thereof. 

9. The method of claim 2, Wherein the at least one mineral 
acid comprises concentrated sulfuric acid, concentrated 
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phosphoric acid, or a combination of concentrated sulfuric 
acid and concentrated phosphoric acid. 

10. The method of claim 2, Wherein the composition is 
substantially devoid of at least one of abrasive material, 
hydrogen peroxide, hydro?uoric acid, ?uoride ions, cations 
such as imidaZolium, pyridinium, pyrrolidinium, ammonium 
and phosphonium, polymeric polishing accelerating agents 
having a hydrocarbon backbone, and combinations thereof. 

11. The method of claim 1, Wherein the at least one persul 
fate compound comprises an acid selected from the group 
consisting of ammonium peroxydisulfate, sodium peroxydis 
ulfate, potassium peroxydisulfate, cesium peroxydisulfate, 
tetramethylammonium peroxydisulfate, tetraethylammo 
nium peroxydisulfate, pyridinium peroxydisulfate, imidaZo 
lium peroxydisulfate, benZyltrimethylammonium peroxydis 
ulfate, peroxydisulfuric acid, and combinations thereof. 

12. The method of claim 1, Wherein the at least one perox 
ide compound comprises hydrogen peroxide, hydrogen per 
oxideiurea adduct, or a combination thereof. 

13. The method of claim 1, Wherein the composition is 
substantially devoid of at least one of abrasive material, Wet 
ting agents, tungsten, copper ions or copper-containing resi 
due, phosphate salts, potassium sulfate, ?uoride ions, com 
ponents that Will result in the formation of a resinous material, 
and combinations thereof. 

14. The method of claim 2, Wherein the at least one mineral 
acid comprises an acid selected from the group consisting of 
sulfuric acid, methanesulfonic acid, tri?uoromethane sul 
fonic acid, perchloric acid, tri?uoroacetic acid, nitric acid, 
pyrosulfuric acid, pyrophosphoric acid, polymetaphosphoric 
acid, phosphoric acid, ammonium hydrogen sulfate, and 
combinations thereof. 

15. The method of claim 2, Wherein the at least one mineral 
acid comprises sulfuric acid. 

16. The method of claim 15, Wherein the sulfuric acid is 95 
to 98 Wt % concentrated. 

17. The method of claim 1, Wherein the pH of the compo 
sition is less than 2. 

18. The method of claim 1, Wherein the composition fur 
ther comprises bulk and/ or hardened photoresist material 
residue. 

19. The method of claim 18, Wherein the hardened photo 
resist material residue includes at least one implanted ion 
selected from the group consisting of B, As, P, BF2+, C, In, 
Ge, Sb, and combinations thereof. 

20. The method of claim 1, Wherein said contacting com 
prises at least one condition selected from the group consist 
ing of: time from about 1 minute to about 60 minutes; tem 
perature from about 20° C. to about 200° C.; and 
combinations thereof. 

21. The method of claim 1, Wherein the contacting occurs 
using a single Wafer tool. 

22. The method of claim 2, Wherein the pH of the compo 
sition is less than 2. 

23. The method of claim 2, Wherein the composition fur 
ther comprises bulk and/ or hardened photoresist material 
residue. 

24. The method of claim 1, Wherein the at least one persul 
fate compound comprises ammonium peroxydisulfate. 

25. The method of claim 1, Wherein the at least one perox 
ide compound comprises hydrogen peroxide. 

26. The method of claim 1, further comprising mineral acid 
selected from the group consisting of sulfuric acid, methane 
sulfonic acid, tri?uoromethane sulfonic acid, perchloric acid, 
tri?uoroacetic acid, nitric acid, pyrosulfuric acid (H2S2O7), 
pyrophosphoric acid, polymetaphosphoric acid, phosphoric 
acid, and combinations thereof. 


